Cement is a common and widespread building material over the world. Similarly, carbon dioxide emissions have been significantly increased due to cement production. Alternative low-carbon binders rather than cement have been progressively sought in recent years. Fly ash was found as an available option, since it is being largely disposed annually as a waste material. In this research several studies have been reviewed and recent applications of fly ash on concrete specification, including strength and fracture toughness of green concrete have been perused. Furthermore, transport properties of high volume fly ash after exposure to high temperature and influence of curing temperature on strength development of fly ash-recycled concrete aggregate blends have been investigated. The investigated test results showed that the properties of composites incorporating fly ash depend on the age of the concrete. Test results also revealed that transport properties of concrete increased notably after exposure to 400cº and the results achieved on fly ash-recycled concrete aggregate led to the conclusion that 15% FA is the optimum blend for road stabilization applications.
INTRODUCTION
Construction activities use huge amount of cement on a world scale and this activity results with CO2 emission to atmosphere which is considered one of the large environmental problems (Mo et al. 2015) . The structures made of green concrete are environmentally sustainable and are constructed in such a way that the total impact on the environment during their full life cycle, including service life, is reduced to minimum. Cement substitution is important for sustainable construction because the production of cement not only uses a considerable amount of energy, but also emits a substantial amount of CO2 and other greenhouse gases (Mehta 2002; Zabihi-Samani et al. 2018 ).
Therefore, a permanent and environmentally sustainable material is extremely needed to reduce the Portland cement fabrication as one of the large contributor to emission. To achieve more green-world friendly concrete, by-product or waste material should be utilized rather than Portland cement. One of the most worldwide available by-product material is fly ash (FA), which is known as by-product from the industrial processes. Since FA is accepted as a secondary product of thermal electrical power plants due to the combustion of powdered coal in the coal-firing furnaces, there are million tons of industrial waste produced annually all around the world.
Up to date -750 million tons of the FA is generated each year in the world (Blissett and Rowson 2012; Ghanooni-Bagha et al. 2017 ). In the future, it should be expected to increase this quality to 2100 million tons in 2031-32 (Amini and ZabihiSamani 2014; Hemalatha and Ramaswamy 2017) . In general, researchers used up to 30% FA in concrete as cement substitution, however larger amount of FA has been permitted to be substituted by modern standard, i.e. 55% FA.
FA can substitute 50-70% cement in high volume FA concrete (Karahan 2017; Zabihi-Samani and Ghanooni-Bagha 2018a) . Concrete incorporating FA must meet the requirements for strength and durability and its components should be obtained, produced and used in an environmentally friendly manner (Jayapalan et al. 2013; Zabihi-Samani and Amini 2015) .
Nowadays, FA is a common additive, which is being widely used in many research purposes and also construction, mining and terrain management, therefore the FA is a subject of exhaustive research.
RESEARCH REVIEW
In this paper to investigate the effects of FA as a useful additive, several recent and major studies have been reviewed. The summary can be expressed as follows:
Study A
Grzogorz Ludwik Golewski has studied the effect of coal fly ash (CFA) on the Improvement of fracture toughness and compressive strength of green concrete (Golewski 2017) .
Materials and research methodology:
In this research, only two compositions of concrete mixture, with varying percentage of CFA additive, were planned in all experiments. All tests were carried out for green concretes modified with the CFA additive in the amount of 20% (CFA-20) and 30% (CFA-30) of weight of cement. The results of experiments were compared to the values achieved for the reference concrete. Figure 1 displays the test setup equipment. Figure 1 . Laboratory test setup apparatus: 1 -specimen, 2 -system applying force onto the specimen, 3 -axial clip gage extensometer, 4 -clamping test grips, 5 -supporting system, 6 -initial crack.
Compressive strength results:
A noticeable decrease of compressive strength in concretes was analyzed at an early age, i.e. after 3 days and 7 days by CFA additive. According to Figure 2 the value of fcm in CFA -00, was higher by almost 8 and exactly by 10 Mpa in comparison to CFA-20 and CFA-30, respectively, after 72 hours of curing. Generally, concrete with a larger amount of CFA was distinguished by the lowest strength in the period up to 3 months. After a half year of curing, the value of fcm for this composite was higher compared to concrete without the additives. After a year, the strength of CFA-30 was 4 Mpa higher compared to CFA-00, and lower by the same value, in comparison to CFA-20 (Golewski 2017) . 
Materials and methods:
In this research, recycled concrete aggregate (RCA) with a maximum size of 20 mm was achieved from a recycling facility in Melbourne, Australia. Black coal FA was collected from a power plant in the state of Queensland, Australia. In this study RCA with FA blends were investigated with contents of 5%, 10%, 15%, 20%, 25% and 30%. Figure 5 indicates the unconfined compressive strength results of the RCA+FA blends. The rate of activation and strength of the blends were both obviously increased due to temperature curing. RCA with 15% FA was found to be the optimum blend for both roomtemperature and 40c curing condition. By increasing the FA amount more than 15% content, the unconfined compressive strength of the RCA+FA blend reduces till 25%. 
Study C
Grzegorz Ludwik Golewski has investigated Green concrete composite incorporating FA in terms of high strength and fracture toughness (Golewski 2018) .
Materials and methods:
Binder of this investigation was composed of both ordinary Portland cement (OPC) and FA. Pit sand between sizes 0-2 mm and natural gravel of sizes between 2.0 and 8.0 mm were used as fine aggregate and coarse aggregate respectively. The plasticizer was used in an amount of 0.6% of mass of the binder. By using a compression machine (Walter+Baiag) with a maximum load of 3000KN the uniaxial compression strengths were tested and the testing of Mode 1 fracture toughness was performed according with the draft guidelines of RILEM recommendations (Brandt 1990) , as shown in Figure 7 . As it is evident, the compressive strength of specimens incorporating FA additive decreased noticeably at an early age, however, fcm increased with age in all the concrete specimens. According to (Golewski and Sadowski 2012) Figure 9 presents relationships , as a function of the age of concretes. Similar to the results obtained from compressive strength, values of were also very low at an early age. In subsequent time periods, for mature concretes, a substantial increase of fracture toughness happened in concrete with 20% FA additive. Due to accumulation of larger amount of micro-filler in concrete, FA-30 experienced its lowest value of in the first 3 months. However, after 180 and 365 days, the highest fracture toughness belonged to FA-20 and FA-30. 
Materials and tests:
In this research, natural fine and coarse aggregate were used in the experiments and Portland cement (PC) and also class F fly ash were used in the production of the concrete mixture. Experimental tests include one control concrete made without any FA and four concretes with 30%, 50%, 70% and 90% cement replacement by FA. Absorption, porosity and rapid chloride permeability tests were carried out to determine transport properties and additionally compressive strength test also was carried out. The RCPT setup is shown in Figure 10. 
Absorption results:
Results and the average of measurement of water absorption of the concretes exposed to high temperature are indicated in Figure 11 . It is known that concrete with water absorption value less than 5% was recognized as a high quality concrete (Kosmatka et al. 2002) . As it is shown in Figure 11 , the water absorption of concrete incorporating FA ranged from 4.4-7.3%, 4.5-7.0%, 5.7-8.1% to 7.4-9.9% at the 20 , 400 , 600 and 800 , respectively. Concretes containing 0%, 30%, 50%, 70% FA resulted in less than 5% water absorption at the 20 . Similarly, the water absorption results of less than 5% were achieved for the concretes containing 0%, 30% fly ash at the 400 . According to these results, increase in high temperature up to 800 leads in an increase in absorption value for all FA concretes. Figure 12 illustrates the results of porosity tests obtained from concretes incorporating high volume fly ash exposed to 400, 600 and 800 high temperature. Figure 12 indicates that the porosity values of concretes incorporating high volume FA ranged from 10.0% to 15.6% at 20 . The highest value of porosity belonged to concrete containing 90% FA at all temperatures. And the lowest value of porosity belonged to concrete containing 30% FA. Figure 13 shows the results for the rapid chloride permeability test (RCPT) of the concretes incorporating high-volume FA exposed to 400, 600 and 800 temperature. Concrete containing 90% FA had the highest level of RCPT at all temperatures and the lowest levels of RCPT were obtained for concrete containing 30% FA in comparison to other FA concretes at all temperatures. As it is shown in the test results, RCPT results increased as the test temperature was increased. Figure 14 indicates the results for the compressive strength of the concretes incorporating FA exposed to high temperature. The lowest value of compressive strength belonged to the concretes containing 90% FA at 400 , 600 and 800 . The results showed that the compressive strength of concretes increased remarkably as the temperature exceeded 400 . The observed loss of strength at increasing temperatures may be related to loss of bound water, increased porosity and consequently, increased permeability which makes the concrete progressively more susceptible to further destruction (Rashad 2015; Zabihi-Samani and Ghanooni-Bagha 2018b) . 3. The UCS showed that RCA+15% FA was found to be the optimum blend from a strength development perspective at both room temperature and 40 temperature. 4. Outcomes of the fracture toughness and the compressive strength are convergent qualitatively in concretes containing FA.
5. Fracture toughness and compressive strength of FA-30 concrete is higher compared to the results achieved from control concrete, after 180 and 365 days.
6. Increase in high temperature up to 800 ends in a significant increase in absorption value for both FA and reference concrete.
7. The lowest amount of porosity belonged to the concretes incorporating 30% FA.
8. By increasing the FA content, value of RCPT considerably reduces up to 70% replacement, however, the RCPT values obtained from 90% FA replacement significantly increased and becomes the highest compared to all concretes.
